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Abstract. In nowadays, many researchers are focused to examine the use and 
ability of herbs and spices extracts to improve the safety of food products. Is a 
strong and increasing interest among consumers and manufacturers for products 
that can be used to promote health and wellbeing, such as natural food 
supplements, herbal remedies and other products based on medicinal plants. An 
overview of the suggested mechanisms of action of antimicrobials and in particular 
spice and herb essential oil extracts to prolong the food shelf life is also given. This 
review paper, aim to present the potential of spices in their active compounds in 
terms of natural food preservation and effect on food shelf life.  
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Introduction 
 
Historically, herbs and spices have enjoyed a rich tradition of use for 
their flavour enhancement characteristics and for their medicinal properties 
(Kaefer, 2008). Spices have been used since ancient times. Although they 
have been employed mainly as flavouring and colouring agents, their role in 
food safety and preservation have also been studied in vitro and in vivo. 
Spices have exhibited numerous health benefits in preventing and treating a 
wide variety of diseases such as cancer, aging, metabolic, neurological, 
cardiovascular, and inflammatory diseases (Gottardi et al., 2016). According 
to the U.S. Food and Drug Administration (FDA), spice is an “aromatic 
vegetable substance in the whole, broken, or ground form, the significant 
function of which in food is seasoning rather than nutrition” and from which 
“no portion of any volatile oil or other flavouring principle has been 
removed” (Sung et al., 2012, cited by Gottardi et al., 2016).  
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More than 100 varieties of spices are produced throughout the world. 
Asia is the main leader for the production of spices, particularly of 
cinnamon, pepper, nutmeg, cloves, and ginger, while Europe grows mainly 
basil, bay leaves, celery leaves, chives, coriander, dill tips, thyme, and 
watercress. In America, instead, pepper, nutmeg, ginger, and allspice are 
mainly produced (Prasad et al., 2011; Gottardi et al., 2016). 
Although spices have been used (mostly dried seed, fruit, root, bark, 
or vegetative material) for rituals, cosmetics and perfumery, their 
flavouring, colouring and, especially, preservative properties have founded 
wide applications both in the traditional food preparations and in the food 
industry. The introduction of spices through the meals has various beneficial 
effects as well as they can stimulate the secretion of saliva, promote the 
digestion, prevent from cold and influenza, and reduce nausea and vomiting 
(Ravindran, 2002; Sultana et al., 2010). Besides these, spices have been 
used to change the physical appearance of food. For instance, pepper and 
turmeric changed the colour, appearance and the taste of food with many 
health benefits. Ginger, nutmeg and cinnamon improve digestion, 
considered good for spleen and sore throats (Prasad et al., 2011). 
Eventually, recent studies highlighted other biological functions of spices, 
including antimicrobial, antioxidant, and anti-inflammatory (Tajkarimi et 
al., 2010). 
 
Species for food preservation and safety  
 
Food spoilage refers to an irreversible modification in which food 
becomes not edible or its quality is compromised. Such changes can be 
driven by different factors, either physical (oxygen, temperature, light) 
and/or biological (enzymatic activity and microbial growth). Despite the 
current technologies available in the production chain (for instance freezing, 
pasteurization, drying, preservatives), it seems impossible to eliminate 
completely the risk of food spoilage (Gutierrez et al., 2009). Lipid oxidation 
is one of the main issues of food spoilage. Hence, food industries have 
applied antioxidants such as butylated hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA) to prevent spoilage (Stoilova et al., 2007). However, 
their safety is doubtful and consumers are progressively demanding natural 
compounds. For this reason spices represent a potent tool for the food 
industry, thanks to their natural properties (Hyldgaard et al., 2012). Indeed 
spices possess antioxidant capacity, mainly due to the presence of phenolic 
compounds. They exhibit antioxidant property by scavenging, free radicals, 
chelating transition metals, quenching of singlet oxygen, and enhancing the 
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activities of antioxidant enzymes (Rubió et al., 2013). Stoilova et al. (2007) 
reported that the CO2 extract of ginger had in vitro activity comparable with 
that of BHT in inhibiting the lipid peroxidation both at 37 and 80◦C. 
Moreover, pimento and black pepper extracts reduced the formation of 
acrylamide up to 75 and 50%, respectively, in a model mixture simulating 
heated potato matrix (180◦C for 20 min). Eugenol, the main component of 
pimento essential oil, limited the formation of acrylamide by 50% 
(Ciesarová et al., 2008). Some other studied antioxidants are: quercetine 
(dill), capsaicin (red chilli), curcumin (turmeric), carvacrol (oregano, thyme, 
marjoram), thymol (oregano, thyme), piperine (black pepper), gingerol 
(ginger, marjoram) etc. (Przygodzka et al., 2014; Srinivasan, 2014; Gottardi 
et al., 2016). Another issue in food spoilage is the microbial growth.  
Spices can also exert antimicrobial activity in two ways: by 
preventing the growth of spoilage microorganisms (food preservation), and 
by inhibiting/regulating the growth of those pathogenic (food safety; 
Tajkarimi et al., 2010). 
 
Turmeric effect on prolong the shelf life in food 
 
 
Fig. 1. Schematic representation for the traditional and modern uses of turmeric 
(Gupta et al., 2012) 
 
Turmeric (haldi), a rhizome of Curcuma longa, is a flavourful 
yellow-orange spice. Its plant is 3 feet in height and has lance-shaped leaves 
and spikes of yellow flowers that grow in a fleshy rhizome or in 
underground stem. An orange pulp contained inside the rhizome constitutes 
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the source of turmeric medicinal powder. The rhizomes of the plant are 
oblong, ovate, pyri-form, often short branched, and a good source of 
turmeric (Eigner, 1999). Some other sources of turmeric are C. phaeocaulis, 
C. xanth-orrhiza, C. mangga, C. zedoaria and C. aromatica. Although India 
is the primary exporter, turmeric is also cultivated in Bangladesh, China, 
Indonesia, islands of the Caribbean and South America. The most active 
component of turmeric is curcumin, which makes up to 2–5% of the spice 
(Govindarajan et al., 1980). Turmeric has been shown to inhibit the growth 
of numerous microorganisms including bacteria, viruses, and fungi (Gupta 
et al., 2012). For instance, turmeric was shown to inhibit the growth of 
Helicobacter pylori, which is associated with the development of gastric and 
colon cancers. The minimum inhibitory concentration required to inhibit H. 
pylori growth was in the range of 6.25–50 µg/mL (Mahady, 2002; Gupta et 
al., 2012). In a few cases, turmeric has been shown to act as a preservative 
by retarding microbial growth (Pezeshk et al., 2011). At a 5% concentration, 
turmeric exhibited antimicrobial activity against histamine-producing 
bacteria (Paramasivam et al., 2007). Turmeric extract has also shown 
activity against food-borne pathogens (Tayel et al., 2009; Yano et al., 2006; 
Gupta et al., 2012). The bactericidal activities of turmeric against 
Escherichia coli BL-21 strain were reported by another study (Sathishkumar 
et al., 2010). Turmeric exhibits antifungal activity against numerous strains 
of fungus. This spice can also inhibit the production of aﬂatoxin (Sindhu et 
al., 2011). 
Turmeric acts as a free radical scavenger in a number of in vitro 
studies (Gupta et al., 2012). In one study, ethanol extracts of turmeric were 
found to contain high antioxidant activities compared with aqueous extracts 
(Qader et al., 2011). In a renal cell line, turmeric exhibited protection 
against oxidative stress induced by hydrogen peroxide. The antioxidant 
activity of turmeric is supported by results from other in vitro assays as well 
(Gupta et al., 2012). 
The effects of turmeric extract (T), shallot extract (Sh), and their 
combination (T + Sh) on the quality of vacuum-packaged rainbow trout 
(Oncorhynchus mykiss) examined during refrigerated storage (4 ± 1 °C) 
over a period of 20 days, it was observed by Pezeshk et al. in 2011. The 
study concluded that dipping of whole gutted rainbow trout in turmeric 
extract (1.5%), shallot extract (1.5%), and combined treatment of both 
turmeric and shallot extracts (1.5 + 1.5%) can retard the microbial growth, 
delay the chemical changes, maintain the sensory attributes, and extend the 
shelf life of the rainbow trout during refrigerated storage. Therefore, 
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turmeric extract, shallot extract, and their combination can be utilized as 
safe methods for preservation of fish under refrigerated storage. 
 
Other herbal extracts and their effect in food preservation 
 
Ginger, onion and garlic are traditional edible and medicinal plants. 
They are regularly used as seasonings to enhance the sensory quality of 
foods in China. Effects of 1% or 0.5% chitosan (CHI), 10% or 5% aqueous 
extract of ginger, onion and garlic (GOG) and their composite solutions (1% 
CHI + 10% GOG, 0.5% CHI + 5% GOG) on quality and shelf life of 
stewed-pork was investigate by Cao et al., 2016, in terms of microbiological 
(total bacterial count), chemical (pH, total volatile basic nitrogen (TVB-N), 
peroxide value (POV), 2-thiobarbituric acid (TBA)) and sensory 
characteristics analysed periodically during refrigerated storage at 4°C for 
12 days. The study concluded that composite treatment had synergistic 
effect while the high concentration of composite solution (Mix1) had 
adverse effect on odour and overall acceptance. Mix2, the diluted solution 
of Mix1, could be a natural promising preservative for the stewed-pork 
considering the comprehensive effects of antioxidation, antibacteria and 
sensory quality, which could extend the shelf life for about 5–6 days. 
Kahramanoglu and Usanmaz demonstrated in 2017 in their study 
have evaluated the effects of black seed oil on the shelf life of freshly 
squeezed pomegranate juice. According to the results obtained, black seed 
oil has delaying effect on the development of yeast and mould up to 37 
days. Moreover, it was also found that combination of treatments with 
freezing increases the efficiency of tested natural, as well as the shelf life. 
Nigella sativa is a small black seed that has been used for centuries in herbal 
medicine. The seed comes from a flowering plant (part of the Ranunculacea 
family) native to southwest Asia and the Mediterranean. The plant now 
grows throughout India, Arabia, and Europe. Nigella sativa is sometimes 
used to treat certain health conditions including asthma, bronchitis, and 
inflammation, and has long been used as a spice and food preservative. 
Another study confirms the effect of some medicinal plant extract to 
extend the shelf life of some food products. Ashwini and Desai, in 2018 
conducted an investigation aimed to study effect of extracts/bulb extracts viz 
bael (50 and 70%), tulsi (50 and 100%) and garlic (5 and 10%) on shelf life 
of mango. The results show that the physiological loss of weight in mango 
fruits showed an increasing trend in all the treatments. Contrary to this 
acidity decreased with storage and was an increase in pH with extension of 
storage period. The total soluble solids of fruits first increased up to a 
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certain period and there after decreased. Bulb extracts of garlic at 10 per 
cent were most effective of all the treatments with minimum spoilage 
percentage followed by garlic extracts at 5 per cent concentration and tulsi 
extracts at 100 per cent concentration. In the present study bael extracts (50 
and 100 per cent concentrations) were not effective in extending the shelf 
life of mango (Raspuri). The investigation concludes that the shelf life of 
mango fruits can be extended from 3 to 7 days by treating with 10 per cent 
garlic extract. Mango (Mangifera indica L.) is an important tropical fruit 
however, it is susceptible to a number of biotic and abiotic stresses that 
leads to rapid deterioration and large postharvest losses, estimated to be 
over 50% in some developing countries. Fungal disease is one of the most 
important causes of postharvest losses (Netnapis and Somsiri, 2009) 
Plants extract and essential oil are well-known bio-preservatives 
(Bensid et al., 2014). They have been recently received considerable 
attention in seafood processing as alternatives for synthetic preservatives 
(Abedi et al., 2016; Álvarez et al., 2012; Bensid et al., 2014; Li et al., 
2012). Tavakoli et al. (2017) revealed that the Redshank extract and 
Redshank essential oil combined with ice seem to be a promising solution 
for extending fish shelf. Chemical (peroxide value (PV), thiobarbituric acids 
(TBA), total volatile nitrogen base (TVB‐N), and free fatty acids (FFA)), 
microbiological (total viable count (TVC) and psychrotrophic viable count 
(PVC)) and sensory evaluations (texture, colour, flavour, and general 
acceptance) were investigated every 4 days during a 20‐day storage period. 
Results revealed that the effect of both icing systems led to considerably 
lower bacterial counts and chemical indices in comparison with the 
traditional ice coverage without such phytogenic. According to sensory 
analyses, fish stored in ice containing Reshgak essential oil had a longer 
shelf‐life (>16 days) and those stored in ice medium included with Reshgak 
extract possessed a shelf‐life of 16 days, whereas lot stored in traditional ice 
showed a shorter shelf‐life of 12 days. These results may also be of practical 
interest for on- board goals. 
 
Conclusions 
 
The relationship between antioxidant properties of spices and food 
spoilage has been well-documented. It is conceivable that using plant 
bioactive compounds in cold and sanitary conditions such as ice coverage 
might be a promising method for increasing the seafood shelf-life, as shown 
in the bibliographic sources mentioned. Starting from the food preparation, 
spices can affect both food spoilage microorganisms (food preservation) and 
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human pathogens (food safety) due to the antimicrobial and antifungal 
activity of their natural constituents. Spices are provided from natural herbs 
and plants and generally recognized as safe (GRAS) by the American Food 
and Drug Administration (FDA). However, the need of high amount of 
natural compounds represents the main limitation for effective performance 
against microorganisms. Mostly, their organoleptic characteristics may 
impact the results of in vitro and in vivo trials. For this reason, combinations 
of spices or their pure natural compounds, applied with or without 
additional technologies, represent a promising alternative to avoid this 
problem.  
The study of spices, natural compounds, and novel combination 
technologies can be source of inspiration for developing novel or enhanced 
molecules acting against spoilage microorganisms with effect on prolong 
the shelf life in foods. 
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